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(57)Abstract: 

PURPOSE: To improve surface morphology of a ferroelectric 
layer. 

CONSTITUTION: A core 14 of titanium is formed on a lower 
electrode 12 of iridium by a sputtering method as shown in a 
figure. A PZT film 8 is formed on the lower electrode 12 and the 
core 14 by applying a sol-gel method. Since the core 14 of 
titanium is formed on the lower electrode 1 2 before the PZT film 
8 is formed, the PZT film 8 is formed around the core 14 of 
titanium. Therefore, denseness of the PZT film 8 is improved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the crystalline thin film of the multiple oxide characterized by 
having the crystalline thin film formation step which forms the crystalline thin film of said multiple oxide 
after forming the nucleation step which is the approach of generating the crystalline thin film of a 
multiple oxide, and forms the nucleus of the component element of said crystalline thin film, or the 
nucleus of the oxide of this component element on the lower electrode containing iridium at said some 
of lower electrodes, and said nucleus. 

[Claim 2] It is the manufacture approach of the crystalline thin film of the multiple oxide characterized 
by said lower electrode consisting of iridium in the manufacture approach of the crystalline thin film of 
the multiple oxide of claim 1. 

[Claim 3] It is the manufacture approach of the crystalline thin film of the multiple oxide characterized 
by said lower electrode consisting of alloys of iridium and platinum in the manufacture approach of the 
crystalline thin film of the multiple oxide of claim 1. 

[Claim 4] It is the manufacture approach of the crystalline thin film of the multiple oxide characterized 
by having the platinum layer by which said lower electrode was formed an iridium layer and on this 
iridium layer in the manufacture approach of the crystalline thin film of the multiple oxide of claim 1. 
[Claim 5] The component element of the nucleus formed at said nucleation step in the manufacture 
approach of the crystalline thin film of the multiple oxide of either claim 1 - claim 4 is the manufacture 
approach of the crystalline thin film of the multiple oxide characterized by the oxide being an element 
with crystallization temperature lower than said multiple oxide among the elements which constitute said 
crystalline thin film. 

[Claim 6] The nucleus formed at said nucleation step in the manufacture approach of the crystalline thin 
film of the multiple oxide of either claim 1 - claim 5 is the manufacture approach of the crystalline thin 
film of the multiple oxide characterized by thickness being 1nm - 10nm. 

[Claim 7] The manufacture approach of the crystalline thin film of the multiple oxide characterized by 
having the crystalline thin film formation step which forms the crystalline thin film of said multiple oxide 
after forming the nucleation step which is the approach of generating the crystalline thin film of a 
) multiple 1 oxide, and forms the nucleus of the component element of said crystalline thin film, orthe 

nucleus of the oxide of this component element on a lower electrode at said some of lower electrodes, 
and said nucleus. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an improvement of that surface morphology especially 

about the crystalline thin film of a multiple oxide. 

[0002] 

[Description of the Prior Art] Generally, platinum is used as an electrode of the semiconductor device 
containing a ferroelectric layer. This is because the stacking tendency of the ferroelectric film can be 
collateralized to the 3rd which can bear the 2nd with 1st high conductivity at the elevated temperature 
in said ferroelectric layer formation process. 

[0003] Security of a stacking tendency is explained briefly. Platinum has the property used as the 
orientation film, also when formed on the amorphous film. Therefore, even if it forms a lower electrode 
on the silicon oxide film 4 which is amorphous film and forms on it further at the PZT film 8, if this lower 
electrode is constituted from platinum, a ferroelectricity will not be spoiled in order to carry out 
orientation of the PZT film 8. 

[0004] However, when platinum was formed on the polish recon layer, there was a problem of silicide- 
izing. In order to solve this problem, the artificer found out that the problem of said silicide-izing was 
solvable as electrode materials other than platinum, when iridium (Ir) was used. 

[0005] The physical properties of platinum and iridium are hung up as compared with drawing 4 . The 
resistivity of iridium is small satisfactory as an electrode material as compared with platinum so that 
clearly also from this table. 
[0006] 

[Problem(s) to be Solved by the Invention] However, as a result of repeating much experiments, when 
iridium was used as a lower electrode, as compared with platinum, it became clear that the compactness 
of the ferroelectric film formed upwards is low. That is, the uniform ferroelectric film is not formed. 
Therefore, when this ferroelectric film was divided and a component was formed, a possibility that 
dispersion might arise was in a component comrade's property. This problem poses such an important 
problem that detailed-ization progresses. 

[0007] This invention solves the above-mentioned trouble and aims at offering the crystalline thin film of 

the high multiple oxide of compactness. 

[0008] 

[Means for Solving the Problem] In the manufacture approach of the crystalline thin film of the multiple 
oxide of claim 1, it.is the approach. of generating the crystalline, thin film of a multiple oxide on the lower 
electrode containing iridium;. and* after forming the. nucleation step* which forms the nucleus of the' 
component element of said crystalline thin film, or the nucleus of the oxide of this component element 
at said some of lower electrodes, and said nucleus, it is characterized by having the crystalline thin film 
formation step which forms the crystalline thin film of said multiple oxide. 

[0009] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 2, it is 
characterized by said lower electrode consisting of iridium. 

[001O] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 3, said 
lower electrode is characterized by consisting of alloys of iridium and platinum. 

[0011] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 4, said 
lower electrode is characterized by having the platinum layer formed an iridium layer and on this iridium 
layer. 

[0012] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 5, the 

-4- 



component element of the nucleus formed at said nucleation step is characterized by the oxide being an 
element with crystallization temperature lower than said multiple oxide among the elements which 
constitute said crystalline thin film. 

[0013] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 6, the 
nucleus formed at said nucleation step is characterized by thickness being 1nm - 10nm. 
[0014] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 7, it is the 
approach of generating the crystalline thin film of a multiple oxide on a lower electrode, and after 
forming the nucleation step which forms the nucleus of the component element of said crystalline thin 
film, or the nucleus of the oxide of this component element at said some of lower electrodes, and said 
nucleus, it is characterized by having the crystalline thin film formation step which forms the crystalline 
thin film of said multiple oxide. 
[0015] 

[Function and Effect(s) of the Invention] In the manufacture approach of the crystalline thin film of the 
multiple oxide of claim 1, the nucleus of the component element of said crystalline thin film or the 
nucleus of the oxide of this component element is formed in said some of lower electrodes at said 
nucleation step. At said crystalline thin film formation step, this nucleus takes the lead and the 
crystalline thin film of said multiple oxide is formed. Thereby, the crystalline thin film of the high multiple 
oxide of compactness can be offered. 

[0016] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 2, said 
lower electrode consists of iridium. Therefore, at said crystalline thin film formation step, even if 
oxidization iridium is formed in the front face of said lower electrode, this nucleus takes the lead and the 
crystalline thin film of said multiple oxide is formed. Thereby, the crystalline thin film of the high multiple 
oxide of compactness can be offered. 

[0017] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 3, said 
lower electrode is the alloy of iridium and platinum. Therefore, at said crystalline thin film formation step, 
even if oxidization iridium is formed in the front face of said lower electrode, this nucleus takes the lead 
and the crystalline thin film of said multiple oxide is formed. Thereby, the crystalline thin film of the high 
multiple oxide of compactness can be offered. 

[0018] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 4, said 
lower electrode has the platinum layer formed an iridium layer and on this iridium layer. Therefore, at 
said crystalline thin film formation step, even if oxidization iridium is formed in the front face of said 
lower electrode, this nucleus takes the lead and the crystalline thin film of said multiple oxide is formed. 
Thereby, the crystalline thin film of the high multiple oxide of compactness can be offered. 
[0019] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 5, the oxide 
is an element with crystallization temperature lower than said multiple oxide among the elements with 
which the component element of the nucleus formed at said nucleation step constitutes said crystalline 
thin film. Therefore, the crystalline thin film of a multiple oxide is formed focusing on said nucleus in the 
phase where said crystalline thin film formation step is early. The crystalline thin film of a multiple oxide 
with compactness high thereby more can be offered. 

[0020] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 6, the 
thickness of the nucleus formed at said nucleation step is 1nm - 10nm. Therefore, it cannot have a bad 
influence on the electrical property of said crystalline thin film, and the crystalline thin film of the high 
multiple oxide of compactness can be offered. 

[0021] In the manufacture approach of the crystalline thin film of the multiple oxide of claim 7, the 
nucleus of the component element of said crystalline thin film or the nucleus of the oxide of this 
component element is formed in said some of lower electrodes at said nucleation step. At said 
crystalline thin film formation step, this nucleus takes the lead and the crystalline thin film of said 
multiple oxide is formed. Thereby, the crystalline thin film of the high multiple oxide of compactness can 
be offered on the lower electrode containing iridium. 
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/ [0022] 

[Example] The production process of the semiconductor device which contains the ferroelectric layer by 
one example of this invention in drawing 1 is shown. Here, the case where a ferroelectric capacitor is 
manufactured is explained as an example as a semiconductor device containing a ferroelectric layer. 
[0023] First, as shown in drawing 1 A, the front face of a silicon substrate 2 is oxidized thermally, and 
the silicon oxide layer 4 is formed. Here, thickness of the silicon oxide layer 4 was set to 600nm. Next, 
as shown in drawing 1 B, using iridium as a target, iridium is formed on the silicon oxide layer 4 by 
sputtering, and let this be the lower electrode 12. Here, the lower electrode 12 was formed in the 
thickness of 200nm. 

[0024] Next, as shown in drawing 1 C, two or more nuclei 14 of titanium (Ti) were formed on the lower 
electrode 12. In this example, it generated by the RF magnetron sputtering method on condition that 
substrate heating nothing, an argon pressure [HmTorr], high frequency power [300W/4inchphi], and 
time amount [20 seconds]. Thereby, the nucleus 14 with a thickness of t= 2nm was formed (refer to 
drawing 1 C). 

[0025] Next, by the Sol-Gel (sol gel) method, the PZT film 8 which is ferroelectric film is formed so that 
this lower electrode 12 and nucleus 14 may be covered ( drawing 4 C). As a start raw material, 
Pb(CH3COO) 2and3H20, and the mixed solution of Zr (t-OC4H9)4 and Ti (i-OC3H7)4 were used. After 
applying and carrying out the spin coat of this mixed solution, it was made to dry at 150 degrees C, and 
temporary baking for 30 seconds was performed at 400 degrees C in the dried air ambient atmosphere. 
After repeating this 5 times, heat treatment of 700 degrees C or more was performed in the oxygen 
ambient atmosphere. This sinters, crystallizes and forms the PZT film 8. Thus, the thickness of the PZT 
film 8 was formed in 250nm. In addition, x was set to 0.52 in PbZrxTi1-x03 here. 

[0026] In addition, oxidization iridium is formed in the interface of a lower electrode and the PZT film 8 
at the baking step of the PZT film 8. 

[0027] On this PZT film 8, iridium is formed by sputtering, and it considers as the up electrode 15 
( drawing 2 ). Here, the up electrode 15 was formed in the thickness of 200nm. Thus, a ferroelectric 
capacitor is obtained. 

[0028] Thus, before forming the PZT film 8, the nucleus 14 of titanium is formed on the lower electrode 
12. Crystallization temperature of titanium is the lowest among the elements (Pb, Zr, Ti) which 
constitute the PZT film 8. Therefore, the PZT film is formed focusing on the nucleus 14 of this titanium 
in the phase where a PZT film formation step is early. Thereby, the compactness of the PZT film 
improves. 

[0029] In addition, other elements which constitute not titanium but the PZT film 8 may be used as a 
nucleus. Furthermore, not the element itself that constitutes the PZT film 8 but the oxide (PbO, Zr02, 
PbTi03) may be used as a nucleus. 

[0030] About improvement in compactness, the mimetic diagram of the surface morphology 
(organization) of the PZT film 8 when not forming a nucleus 14 is shown in drawing 3 . Thus, when not 
forming a nucleus' 14, the compactness' of the surface morphology of the PZT film 8 is low. Although this 
reason was not clear, titanium with crystal temperature low among the elements which exist in said 
mixed solution became a nucleus in irregular, and the artificer thought that it was for crystallization to 
advance. On the other hand, since crystallization of the PZT film progresses focusing on each nucleus 
14 when a nucleus 14 is formed, the PZT film 8 with more high compactness is obtained. 
[0031] In addition, in this example, it considered as the thickness of t= 2nm of a nucleus 14. This is . 
based on the following reasons. Since the PZT film is formed focusing on each nucleus 14, it is thought 
that the consistency of a nucleus 14 is high that such precise PZT film is formed. On the other hand, 
when a nuclear consistency is too high, titanium oxide remains in the interface after PZT film generation, 
and there is a possibility that the electrical property of the PZT film may worsen. For such a reason, as 
for the artificer, the consistency considered thickness t of a nucleus 14 that 1-1 Onm which is not too 
high is desirable still more desirable, are 1~3nm, and 2nm is the most desirable. 
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[0032] In addition, in this example, by the RF magnetron sputtering method, although the nucleus 14 was 
formed, what kind of approach may be used, for example, a CVD method, a sol gel process, vacuum 
deposition, etc. may be used. In addition, in the case of a sol gel process, the nucleus of desired 
thickness can be formed by adjusting concentration low. 

[0033] In addition, as long as the lower electrode 12 is matter which is not limited to iridium but contains 
iridium, what kind of thing is sufficient as it, and it may be an iridium simple substance. Moreover, you 
may form with the alloy of platinum and iridium. Furthermore, the lower electrode 12 is constituted from 
two or more layers, and you may make it prepare an iridium layer or an oxidization iridium layer in the 
either. For example, it is good considering an iridium layer and an up layer as a platinum layer in a lower 
layer. Furthermore, you may make it other metal layers included in the middle. 
[0034] In this example, the oxidization iridium layer is formed at the baking step of the PZT film 8. 
However, a lower electrode may be formed so that it may have an oxidization iridium layer. That is, since 
the barrier effectiveness works by including oxidization iridium in a lower electrode, about an oxidization 
iridium layer, whether it was generated at the back process or it was generated from the beginning do 
not have relation, and the ejection of the oxygen from the PZT film 8 can be prevented. 
[0035] In addition, generating the PZT film 8 in ordinary temperature is also considered. In this case, 
iridium may not oxidize. In such a case, an oxidization iridium layer is not formed in a lower electrode. 
[0036] In addition, generally the adhesion of iridium and silicon oxide is not so good. For this reason, an 
alloy layer peels partially and there is a possibility of degrading strong dielectric characteristics. Thus, 
what is necessary is just to prepare the junctional zone which improves both junction nature between 
the lower electrode 12 and the silicon oxide layer 4, when using iridium. What is necessary is to be also 
what kind of thing and just to use a titanium layer and a platinum layer (for example, 5nm) as a junctional 
zone. 

[0037] In addition, in this example, although PZT which is a ferroelectric was used as a crystalline thin 
film of a multiple oxide, the matter in which ferroelectricities, such as other ferroelectrics 3, for example, 
PbTiO, barium titanate, a titanic-acid bismuth, and PLZT, are shown may be used. 

[0038] Moreover, in the above-mentioned example, the case where the ferroelectric film was adopted as 
the crystalline thin film of a multiple oxide was explained. However, the high dielectric thin film (SrTi03, 
TiO(Sr, Ba)3 grade) which is not limited to this, but can apply to anythings if it is the crystalline thin film 
of a multiple oxide, for example, has a perovskite structure may be adopted. When it uses for a high 
dielectric film, and compactness improves, specific inductive capacity becomes high. 
[0039] In the above-mentioned example, although the case where the ferroelectric film was formed on 
an iridium layer was explained, it is not limited to iridium, for example, other noble metals, such as a 
ruthenium (Ru), a rhenium (Re), palladium (Pd), and an osmium (Os), may be used. Moreover, these 
oxides may be adopted. 

[0040] Furthermore, this invention can form the: precise film similarly, when a lower electrode is. formed 
with platinum. 

[0041] In addition, although the above-mentioned example explained the ferroelectric capacitor as an 
example as a semiconductor device containing a ferroelectric layer, as long as it is the semiconductor 
device with which the ferroelectric layer is formed on the conductor layer, ferroelectric random-access 
memory etc. may be what kind of thing. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the production process of the ferroelectric capacitor by one example 
of this invention. 

[Drawing 2] It is the important section sectional view of a ferroelectric capacitor. 

[Drawing 3] It is drawing showing the surface morphology when not forming a nucleus 14. 

[Drawing 4] It is drawing showing the physical-properties comparison of platinum and iridium. 

[Description of Notations] 

2 ... Silicon substrate 

4 ... Silicon oxide layer 

8 ... PZT film 

12 ... Lower electrode 

15 ... Up electrode 



[Translation done.] 
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8Hbtta@ai£*K* f ?&j£ ztih 0 z. fi\z x *) , -f"jy 

20 jitesiK * a^-r 4^H f ti4. 

[0 0 2 2] 

imnw) muz, z<D^m^-mmmzx^mmi^ 

[0 0 2 3] 4i*, il AlZ^-tJ: d U> '/VaJ-JW 
2<0*ffi«rJ»»'fbL., lftv'J3yi4«n. i 
it?«i, K'fk'> , ;='>'S4<75J¥$^ 6 0 0 nmtLt 
on:, HI Btc^-tJ; 9 tc, '^Vy'-JAt^-y-n 
30 HTfflv>t, x^-^'jv^iaH'Jy^i?:, S 

fb->y 3 vg4o±K?£jg;u ctL^TfBms 1 2 t-t 

i> 0 T««1ii 2*200 nmOf?i:flt 

[0 0 2 4 ] H 1 CCftJ: T tc, T§|5S;^ 1 

2W±K, (Ti ) <0^1 4 immtl&LtZo * 

. •)■, *«inlfeftL., r;urf>ff.^ [l lmTo r r] , 

[3 o ow/4 , nm [2 0 

<7)4kftX!iLl8.LtZo ZtHZX •) , J1«V t = 2 nm<7) 
40 f 1 4**»«S*Lfc (HI C#bs.) o 

[0 0 2 5] oft:, S o 1 - G e 1 {V)VY)V) Sf: 

3ft»*fri|-C*4PZTBt8«:«flti-4 (14 C) 0 ffi. 
ftlfii LT, Pb(CH 1 C00) 2 •3H..0,Zr(t-0C 1 H,),,Ti(i-0 

fcf>3-hLfcm, 1 5 O'CT-^^-ti-, K?^X7* 
ffljRUUv>-C4 0 0*C"C3 0»OflE«dt«:firoJto -Cil 
*5El*»)aL7tft, tt*»H*H'T, 7 0 01C£1±© 
JfefeaiKfeL-fco P ZTR8JiflfcBl,T« 

50 B B B <kLES;mt-4 0 d^ioULT, PZTKSOHJp* 



( 4 ) 

5 

2 5 0 nmCgfiLfc. fti5, Citll, PbZr,Ti,.,0 3 
KiiV>T, x £ 0. 5 2 i U:« 
[0 0 2 6] ft£, TS&S®fc PZTI8 t<D^-MiZ 
li, P ZTl8 0M^f *7UT, R-ft'f 'J ->'^* ! 

[0 0 2 7] :»PZTI8©±i:, X/?^'J>7i: 

2) o iCtii, ±SB€£l 5 4:2 0 0 nmWSS*:^ 

2>o 10 

[0 0 2 8] z.<D*7lZ y PZTR8*3e)ft1-4lWrU, 
TSP«H 1 2 <r>±.\zi-9 ><D& l 4 iMLtv>4. f- 
?>-li, PZT18 %m&.1rZ>7tm (Pb, Zr, Ti)?H 

ttfi<kias* f -»fiv»o L^ot. pztw 

LT, P ZTmtf&fcZtiZo ZtUZX f) P ZTBLVm. 

[0 0 2 9] ftib\ f^Vflii;<, PZTl8 4r»t 
-f &it&c7)7C3ff£l£t LTfflv^T*>«fcv> 0 ?t,C, PZT 
18 £Mf&-f2>7tm*<Oi>(DX'i±% < , -tOHfrffcft (Pb 20 
0,Zr0 2 , PbTi0 3 ) ^SitLTfflV>tUv>o 

[0 0 3 0] M^tS^ftJiKO^T, 4 £?£j£Lft 
v»»-&0, PZTK8©«It7*ny (jj&ffc) 
H£, 13C^to :<OiTi:, 1 4 £J&j£Lftv>*& 
-§\ PZTJ£8^«®^7*nyo^E14a*tev-> 0 CIO 

as «± w & *»-e (* ft v>**, msm4mwL* iz * x 

X , ttft -ffc*«i!HT-*- * &T li ft v» ^ t l±# x. o 

£*Lfc»L"C, «1 4 fr&JAl,*:**, #^<D^1 4 t 
W-tL^ PZTKOttft-ft^dltfO-^ J: »K «* 30 
tt<OS^P ZTM8* f fit.*t*o 

[003 i ] ftjs, *ifei&^u*v>Ti±, m i 4 cow:^ 

' t = 2 nmt L/co CtUlofO^f ft3&K J: *o 
©«l4iW.tU, PZTB f M?ii5^i:> i 
1 4 0«KA**v»»i f St^ft P Z S it* t # 

x.<b*L*o «©tBE4 f St?*t, PZTR4* 

^fl.Cfi' v**-^ Ha«Wff L, P ZTIOIK 
«tt*^E < ft * ft*' ft S o c::co.± -? ft mm iz X *) , 
«0^#l±> *g 1 4 <0U* t li, *flE*«Wi-r*ii:04 
^1 - 1 0 nmi*gj L< > S L< li, 1-3 40 

nmT, ttM3Lv>M', 2 nmT'iStf ifc, 
[0 0 3 2] ftfc\ *HJfe{a]H:fcv>TI±, RF-?nh 

ft^ftT-t .t < , «*.wr, cvds, 7;KJvft, mm 
m$im^xi> t v>„ ft£, v*r/i>j£*>»frii, &ft 

[0033] ft&, tst>«si 2is-f y^-Mcnjgs 



#K¥8-3 3 5 6 7 6 
6 

SI 2 fc^gSdf TISJSL, Wf^l^V-y^Ai 
* fcliBMkW U v^Ai h «fc 9 I- LT <b ± v> 0 flj 
jLUN TSPS ^-f 'Jy^Af, ±«i5®£e&St LT«t 

[0 0 3 4] #HiSWK£v>Tli, PZT18W«^ 

Lft^, Mft-f 'jy>>A«4-*-J-4J: 9»;T«*te* 
MLtUv>, i-ftfe%, T^llcM'f , Jy' , >A 

if(:ov>Tli, tIg-e±S?tLfc^, S«I*»^^Jft 
S*T.^35»lX^»fc»)ft <, PZTR8i^<DSf^ftlt 

as l 4 ESit-r ^ i t tfx- § ^ o 

[0 0 3 5] ftfc^ PZTJR8**ifiU-C±Jft+*ii: 

*»i«*$*tftv» 0 
[0 0 3 6] ft'*, — JKU, -Y V v 7 ^ A tmt~> ')=>> 

*df, 5 nm) «rfflv>n.(f <£ 

[0 0 3 7] ft£> *3t»«UiJV»-ctt. «-frKft*0 
^S1±^^t LT, 5iSim#Tft4 P ZTS-«v>t*!, 
*fe«03t»WflE, 0Sx.tf, PbTi0 3 , +9 VBfc^'J ■> 
A, P L ZT^<DS3iStmte£^-f$!3 

g^rfflv^Ttxtv^ 

[0 0 3 8] Sfc, ±ffiHife^Ui5V»TI±, %#tt<k« 

tt*«-e**tif fOJ: 0 ttOCtiifl, Wit IX, 
^n^^^-f M«i&.«r-«-r««tttt#m (SrTiO. 
(Sr.'Ba) TiOif) tSfflUtiK KBS 

itigm^^< ft *o 

[0 0 3 9] ±ie^Mt! F !lUi3V^Tii, -f 'J y^AfOl 

v^AUlS5c$ih.r> Wz-li, (Ru) , U 

-^A (Re) , ^v'Ji (Pd) , (O 
s) ^<7>te«?3*^Ji4-fflv>T t i v^o it:, ZtLb<7)& 

[0 0 4 0] ?e>U, *»^l±, TfflWtfte&^iR 

^> o 

[0 0 4 1 ] ftfc, -tifiHifetfllT-li, M«ttflt»«r*tf' 
#«#^fit L-ca»«fr*lr^->^4:«t LTfft^L 



7 

tz i)\ mm&m <o± ic &k mint ztix^z^m 

[11] c:<0»WO-ilifc«m:4 3ft»«#*-v/<->^ 

w ssitxg 5r m-r 0 x- *> & . 

[02] 5ft»*#*-wt->^fl5S«»fBia-C**o 
[03] ftl 4 *&AL&vi*«-0 % *ffi*7*ni?*r 



[0 1] 




B-PZTS 12: TBSffl 1 4 : t* 



[03] 

few 



) !|fpf1¥8- 3 3 5 6 7 6 

8 

Sr*-0-C£>£ o 

[04] a4t'f , jy'>AO«ttJkK^tBt?*4. 
[^<o§i^] 



2 • • 


• -> <; n 


4 ■ • 


• BMfc-vj n vjf 


8 • • 


• PZTJS 


1 2 • 




1 5 • 





[02] 




8-335676 



[04] 





P t 


I r 




19 5 8. 08 


19 2. 2 2 








(A) 


3. 9 2 3 


3 . 8 3 9 


(g/ c m 3 ) 


2 1. 4 6 


2 2.42 




17 0 0 

(5%Ir = 1 7 7 7 f 
1 0 % I r= 1 8 9 9) 


2 4 10 




3 8 0 0 


4 10 0 




O2: ^ C 12 (>2 5 0C°): 
P t C 12 

F2 (ffift) : P t F4 


8 0 0):^ 
(>8 0 0) I x O2 

C 1 2 mm) : awb* 

r2 UJUfEU • / -y\ww 






CftBfe* 3EtK : 
S^KOH + KN03 : j$ 


MS* 

(1 0-4/K) 


0. 0 8 9 9 (0—1 0 0) 
0. 0 9 9 4 (0-9 0 0) 


0. 0 6 5 8 (0—1 0 0) 


(W/m • K) 


7 1.4 
(3 0 OK) 


1 4 7 
(3 0 0K) 


(cV) 


5. 8 4 (1 00) 
5. 9 3(111) 


5. 4 2(110) 
5. 7 6(111) 


(1 0-6Qcm) 


10.6 


5. 3 


(1 0-6Qcm) 


P t 0-2(*»**) 

6 0 0 


I r 02.GE36T*) 
4 9 



(51) Int. CI. 6 f?l*383#* FI S^*^@H)f 

H 0 1 L 21/316 H 0 1 L 27/10 4 5 1 

27/04 27/04 C 

21/822 29/78 3 7 1 

27/10 4 5 1 41/22 A 

21/8247 

29/788 

29/792 



( 7 ) 4$H¥8 - 3 3 5 6 7 6 

41/24 



) 



) 



